The pathophysiology of diabetic neuropathic pain is due to primarily metabolic and vascular factors. There is an increase in sorbitol and fructose, glycated end products, reactive oxygen species and activation of protein kinase C in the diabetic state. All these factors lead to direct damage to the nerves. Taking effective clinical management of neuropathic pain is based on a pharmacological treatment that has shown their limits and many side effects. The hypothesis of central sensitization inhibited by Clerodendrum formicarum, an African pharmacopoeia plant used to treat headaches, arthritis, epilepsy and chronic pain could act on astrocytes and microglial cells. The objective of this work is to study the effect of Clerodendrum formicarum (100, 150 and 200 mg/kg body weight) on astrocytes and microglial cells in a model of diabetic neuropathic pain induced by alloxan monohydrate (150 mg/kg). We noted a suppression of mechanical allodynia and mechanical hyperalgesia respectively by the Von Frey filaments test and the pressure test on the paw by the Clerodendrum formicarum extracts (ECF) at different doses from 2 h at the first injection of the ECF. After 5 days of treatment, we expressed by Western Blot bands of different proteins and by quantitative RT-PCR, we determined inhibition of the expression of GFAP, CD11b and isoforms 1 and 2 of cyclooxygenase. These results suggest that ECF inhibits the activation of astrocytes, microglial cells and cyclooxygenase signaling pathway.
Introduction
Diabetic neuropathy is pathology of diabetic patient ignored because it is often silent. This is one of the most common chronic complications of diabetes [1] . It can affect the peripheral nervous system and/or autonomous or vegetative nervous system. The prevalence of diabetic neuropathic pain affects approximately more than 50% of diabetics [2] [3] . Factors associated with a higher risk of developing diabetic neuropathic pain included older age, lower socioeconomic status, treatment with insulin, longer duration of diabetes and poor glycaemia control [1] [2] .
Taking effective clinical management of neuropathic pain is pharmacological. However, many drugs have many side effects or undesirables, which limit their use for long periods. An alternative is possible, with the use of more and more certain plants used in traditional medicine [4] [5] .
The painful diabetic neuropathy can be found late in type 1 diabetes but early in type 2 diabetes and the cause of this occurrence is still not clear [6] . Increased free-radical formation and/or a defect in antioxidant defenses which result in oxidative stress have been implicated in the pathogenesis of diabetic neuropathy [7] .
Clerodendrum formicarum is a plant used in tropical Africa for these virtues against chronic pain, headache, rheumatism and epilepsy. The phytochemical composition consists of partly derived salicylic acids, which could justify their analgesic action. To date, the underlying mechanism of action of the analgesic activity was never solved [8] . We will formulate a hypothesis about inhibition of central sensitization including glial cells in the dorsal horn of the spinal cord by the ethanol extracts of Clerodendrum formicarum (ECF) .
In this present work, our objective is to evaluate the effects of ECF in the treatment of painful diabetic neuropathy by this medication. To achieve this objective, we used two approaches: behavioral and biochemical.
Materials and Methods

Plant Material
Leaves of Clerodendrum formicarum were collected at the Department of Sangha (Republic of Congo) geographical coordinates 2˚05'North and 14˚08'East. These leaves have been identified by the botanical specialist Dr Pierre Mangala. The specimens #12344, deposited at the IRD of Brazzaville.
Preparation of Plant Extract
Leaves were dried in an oven at 45˚C with air circulation for three days. The leaves were macerated and the powder (500 g) was subjected to extraction with 1L of 95% Ethanol (Sigma Aldrich, St. Louis, USA) three times at room temperature. The time of each extraction was 72 h. The extractive solution was concentrated under vacuum in a rotavapor (Büchi Labotechnik AG, Switzerland) to yield 20 g of the crude extract. This crude extract was used for this study [9] .
Animals
The Wistar strain male rats (125 -280 g, n = 50, Laboratory of Physiology and Functional Exploration, Cheikh Anta Diop University of Dakar) were used in all experiments. The animals were housed in collective cages in groups of 4 or 5 and have enjoyed a day/night cycle of 12 hours, with a temperature of 24˚C ± 2˚C as well as food and water ad libitum. All experimental protocols were approved by the Ethics Committee of the Cheikh Anta Diop University of Dakar and the Ethical Guidelines of the International Association for the Study of Pain have been met [10] .
Induction of Diabetes and Medication Administration
Experimental diabetes was induced in rats by a single injection of 150 mg/kg of alloxan monohydrate (SigmaAldrich, St. Louis, USA) by subcutaneous (sc) in rats (GA). The animals, divided into groups of five rats were isolated for 18 hours before experimentation. Behavioral testing described below was applied to each rat before and during the experiment. Initially, rats were injected with 0.5 ml of the 0.9% saline solution (Normal) (GC, n = 10), of alloxan monohydrate (150 mg/kg) (GA, n = 40). Then, painful neuropathic diabetic rats divided in 5 groups; those of the group receiving the extracts Clerodendrum formicarum (ECF) at a dose of 100 mg/kg, 150 mg/kg and 200 mg/kg, a standard group (Preg.) receiving of a Pregabalin (10 mg/kg) (Sigma-Aldrich, St. Louis, USA) and the painful neuropathic rats group under 0.9% saline [(ND + S) group]. All drugs were injected subcutaneously and doses were determined in comparison to those of the daily dose used in traditional medicine and taking into account the metabolism of high rats than humans [11] .
Determination of General Toxicity
The acute toxicity for 100 mg/kg; 150 mg/kg and 200 mg/kg was determined in Wistar rat, maintained under standard conditions. The animals (n = 5) in each group were fasted overnight prior to the experiment. Animals were observed individually for the first four hours after dosing for the presence of any clinical signs, such as changes in skin fur, lacrimation, salivation, piloerection, diarrhea, and mortality. The gross behaviors were observed.
Blood Glucose Measurement
The Blood glucose measurement was performed by Accu-Chek Active Player (Roche Diagnostics GmbH, Germany) for the quantitative determination using fresh capillary blood. Values above 300 mg/dl were considered hyperglycemia [12] .
Behavioral Study
Two tests have spent to the behavioral study, the Von Frey filaments test to assess mechanical allodynia, testing of Randall and Selitto or pressure test to assess mechanical hyperalgesia.
Von Frey Filaments Test
Mechanical allodynia technique based on the gradual application of Von Frey filaments (Biosep, France) weighing from 0.16 to 26 g on the plantar surface of the hind legs of the animals. The rats were placed in a plexiglass cage and were acclimated for 20 minutes before testing. Painful diabetic neuropathy in rats was materialized by a withdrawal movement or described in terms of the paw. In ascending order of force, each filament was applied to the mid-plantar area of each hind paw five times, with each application being held for 5 s. Withdrawal responses to the Von Frey filaments from both hind paws were counted and then expressed as an overall percentage response, i.e. if a rat withdrew 6 times out of a total 10 Von Frey applications, this was recorded as 60% overall response to that Von Frey filament [13] .
Mechanical Hyperalgesia Using Randall-Selitto
Mechanical hyperalgesia was measured using the Randall-Selitto paw pressure test (algesimeter Ugo Basile, 92,370 Chaville) as described [14] . Briefly, the rat's hind paw was placed into the pressure applicator, and a steadily increasing pressure stimulus (maximum cut-off of 250 g) was applied to the dorsal surface of the paw until withdrawal or vocalization. This was recorded as the nociceptive threshold value. For each animal, two recordings were made for each hind paw, and the data were reported as the mean of both hind paw values [15] .
Western Blotting
Sample Preparation
After treatment, animals (n = 5 for each group) were sacrificed by cervical dislocation and decapitated. The dorsal horn of the spinal cord was removed and homogenized in 5 vol. of chilled homogenizing buffer containing 20 mM Tris, 150 mM NaCl, 10 mM NaF, 1 mM NaVO 4 , 0.01 mM PMSF, DTT, and 1% triton X-100 and centrifuged for 10 min at 10,000 rpm. Protein content in supernatant was determined by the Bradford method. Each homogenate was then diluted in homogenization buffer so as to equilibrate the protein content in all the samples.
SDS-PAGE and Chemiluminescence Detection
The SDS-PAGE electrophoresis was carried out under standard denaturing conditions at 15 mA. After electrophoresis, the resolved proteins were transferred (semidry transfer) to blot PVDF membrane (Biorad). The transfer was carried out at 25 V for 2 hr. After transfer, the membrane was put in nonfat protein (5% skimmed milk in 0.1% TBST) for 2 hr at room temperature. The membrane was incubated with monoclonal antibody for GFAP (1:2500) (Santa Cruz Biotechnology, catalog number sc-6170), CD11b (1:5000) (Santa Cruz Biotechnology, catalog number sc-28664), COX1 (1:1000) (Santa Cruz Biotechnology, catalog number sc-23982) and COX2 (1:1000) (Santa Cruz Biotechnology, catalog number sc-1745) in blocking solution overnight at 4˚C. Membrane was subjected to three washings with 0.1% TBST each for 5 min followed by incubation with 1:7000 diluted HRP conjugated goat anti-rat IgG (Santa Cruz Biotechnology, catalog number sc-2032) for 2 hr at room temperature. Chemiluminescence Luminol (Santa Cruz Biotechnology, catalog number sc-2048) was used for the detection of protein bands of interest. Images were scanned with a Densitometer Scanner (GS800, Bio-Rad), and optical density (OD) values were analyzed using Quantity One software (Bio-Rad). To normalize for protein loading, antibodies directed against β-actin were used.
Quantitative Real-Time Polymerase Chain Reaction (PCR)
Total RNA was extracted from tissue of the dorsal horn of the spinal cord by the TRI reagent (Sigma) according to the manufacturer's instruction. Treated with RNase-free DNase-I (Roche, Indianapolis, IN, USA) and repurified, and then quantified spectrophotometrically. Total RNA (1 μg) was reverse transcribed (Omniscript RT kit, Qiagen, Valencia, CA, USA) using random hexamers PCR primer. cDNA prepared from mRNA was amplified using the following primer sets:
β-actin forward 5' GCAGGAGTACGATGAGTCCG-3' and reverse 5' ACGCAGCTCAGTAACAGTCC-3'; GFAP forward 5'-AGGGACAATCTCACACAGG-3' and reverse 5'-GACTCAACCTTCCTCTCCA-3'; CD11b forward 5'-CTGGGAGATGTGAATGGAG-3' and reverse 5'-ACTGATGCTGGCTACTGATG-3'; COX1 forward 5'-CAGCCCCTCATTCACCCATT-3' and reverse 5'-CCTGTTCTACGGAAGGTGGG-3'; COX2 forward 5'-TGAGTACCGCAAACGCTTCT-3' and reverse 5'-TCTAGTCTGGAGTGGGAGGC-3'.
PCR was performed with equal amounts of cDNA in the GeneAmp 7700 sequence detection system (Applied Biosystems, Foster City, CA, USA), using SYBR ® Green PCR Master Mix (Applied Biosystems, Foster City, CA, USA). Reactions (total volume, 25 μl) were incubated at 95˚C for 10 min, followed by 40 cycles of 15 s at 95˚C and 1 min at 60˚C. Each sample was measured, and data points were examined for integrity by analysis of the amplification plot. The comparative cycle threshold (Ct) method was usedfor relative quantification of gene expression.The amount of mRNA, normalized to the endogenous control (β-Actin) and relative to a calibrator, is given by 2 −ΔΔCt , with Ct indicating the cycle number at which the fluorescence signal of the PCR product crosses an arbitrary threshold set within the exponential phase of the PCR, and ( 
Statistical Analysis
Data analysis of the results was provided by GraphPad Prism Software (version 5). Numerical results from behavioral tests are expressed as mean ± standard error of the mean (SEM). Results were statistically evaluated using Student's t test or one-way analysis of variance (ANOVA), followed by Tukey's or Dunnett's post hoc comparisons to compare the results obtained in drug-treated and control groups. Two-way repeated measures ANOVA, followed by Bonferroni's comparison were applied for statistical evaluation of time courses of effects obtained in pharmacological tests. In every case, p < 0.05 was considered significant). The log-probit method (Litchfield and Wilcoxon, 1949) was applied to establish median effective doses (ED50) for ECF.
Results
Evaluation of General Toxicity
In order to monitor well-being and determine drug dosing, mice were observed and weighed daily throughout the experiment. All rats survived until the end of study. There were no signs of distress, deterioration of general health, or evidence of severe general toxicity. Repeated treatment to cumulative doses of 100 mg/kg, 150 mg/kg and 200 mg/kg of ECF not caused renal damage or severe body weight loss which would require euthanasia [17] .
Evaluation of Body Weight and Blood Glucose in Rats
It is established that the injection of alloxan monohydrate (ALX) causes hyperglycemia [18] . In this study, we evaluated changes in blood glucose and body weight in rats. The animals of the group (GA) received ALX (150 mg/kg) and those of the control group (Ctrl) saline at 0.9% in a single injection subcutaneously ( Table 1) . Significant increase in blood glucose level was observed in alloxan-induced diabetic rats compared to healthy nondiabetic animals. ** p < 0.003. The weight has significantly decreased in alloxan-induced diabetic rats compared to healthy non diabetic animals. * p < 0.01 (on three days after injection of ALX).
Development Mechanical Allodynia and Mechanical Hyperalgesia
The injection of alloxan monohydrate (150 mg/kg) in rats induced hyperglycemia after 3 days. Behavioral tests every 3 days in diabetic rats by the Von Frey filament test and the pressure test on the paw were used to determine mechanical allodynia from the 15 th day after injection of the chemical, ** p < 0.001 (Figure 1(a) ). The mechanical hyperalgesia was observed from 21 st day after the injection of alloxan monohydrate, ** p < 0.004 (Figure 1(b) ). These results demonstrate that diabetes causes the appearance of mechanical allodynia and hyperalgesia.
Attenuation of Mechanical Allodynia and Mechanical Hyperalgesia by ECF Extracts
To determine whether ECF could reduce the mechanical allodynia and mechanical hyperalgesia in Alloxan-induced neuropathy, we measured paw withdrawal thresholds by the Von Frey filaments test and the Pressure test in rat after ECF treatment of 5 hours. Our results showed an increase in the sensitivity threshold materialized by weight filaments . Figures 2(a)-(c) Table 1 . Acute changes in body weight and blood glucose after three days of injection of ALX. Ctrl: control group under 0.9% saline (n = 10); GA: group under Alloxan monohydrate (150 mg/kg) (n = 40). Significant difference, ** p < 0.003 for blood glucose and * p < 0.01 for body weight. body weight compared to the (ND + S) group (Figure 2(e) and Figure 2(f) ). However, no significant difference was noted with the dose of 100 mg/kg body weight (Figure 2(d) ) (p < 0.07 for 100 mg/kg body weight; * p < 0.04 for 150 mg/kg body weight; *** p < 0.0001 for 200 mg/kg body weight). Statistical analysis allowed us to determine the ED50 for mechanical allodynia at 67.5 mg/kg and at 84 mg/kg for mechanical hyperalgesia. These results show that ECF attenuates mechanical allodynia and mechanical hyperalgesia dose-dependent manner.
Effect of ECF on GFAP and CD11b in the Painful Neuropathy Diabetic in Rats
One hypothesis put forward to explain the low therapeutic efficacy of drugs used against chronic pain postulated that these drugs have neuronal targets, while the cellular changes associated are not limited only to neurons. In this context, increasing attention is paid to the role of glial cells, especially astrocytes and microglia [19] . Painful diabetic neuropathy is accompanied by activation of astrocytes and microglial cells characterized by an increase in the mRNA level of expression of CD11b and GFAP [20] . To investigate whether ECF had an inhibitor effect on glial cells, we expressed the markers GFAP and CD11b respectively markers of astrocytes and microglial cells activities among various groups of rats after treatment for 5 days. We expressed by western blotting both proteins materialized by bands of Figure 3(a) and Figure 3(b) . For rt-qPCR, we noted a decrease in the mRNA level at 1.5 ± 0.05; 1.3 ± 0.1 and 0.8 ± 0.02, respectively in the group of ECF1 at 100 mg/kg, body weight; 150 mg/kg, body weight and 200 mg/kg body weight, compared to (ND + S) group at 1.9 ± 0.1 ( ECF1 dose; * p < 0.02 for the ECF2 dose; ** p < 0.001 for the dose ECF3, n = 5). We also noted, the same observation with microglial cells ( * p < 0.01 for ECF1, * p < 0.01 for ECF2 and * p < 0.01 for ECF3, n = 5). However, the mRNA level of reduction depends on the dose used. These data suggest generally that ECF inhibits the activity of astrocytes and microglial cells dose-dependent manner.
Effect of ECF on Cyclooxygenase in the Diabetic Neuropathic Pain
Under normal conditions, glial cells are known for having a number of housekeeping functions in the central nervous system [21] . However, glial cells can contribute to neuropathic pain processing by the activation of intracellular pathways, such as the MAP kinase family and related transcription factors, which leads to an increase in inflammatory mediators [21] . According to these data, we investigated the effect of ECF on COX1 and COX2 involved in neuropathy induced by the ALX. After 5 days of treatment, the analysis of our data between the (ND + ECF2) group under ECF (200 mg/kg) and (ND + S) Group under 0.9% saline showed a significant difference. * p < 0.01, n = 5 for COX1 (Figure 4(a) ) and * p < 0.03 for COX2, n = 5 (Figure 4(b) ). However, there was no (Figure 3(a) ) and * p < 0.03 for COX2, n = 5 for the dose of ECF (200 mg/kg).
difference between the (ND + S) Group and (ND + ECF1) group under ECF (150 mg/kg). These data suggest that the ECF effect on COX is dose-dependent manner.
Discussion
Understanding the pain sensitization was mainly focused on the neural mechanisms. However, for over two decades, astrocytes and microglial cells have been recognized as potent modulators of pain and so are new drug targets [21] [22] . In this study, our objective was to evaluate the effect of extracts of Clerodendrum formicarum (ECF) on glial cells in the dorsal horn of the spinal cord in the treatment of diabetic neuropathic pain. We described in this study that the injection of alloxan monohydrate (150 mg/kg) subcutaneously in rats created hyperglycemia that was responsible for the development of mechanical allodynia and mechanical hyperalgesia. In addition, we showed that ECF attenuated mechanical allodynia and mechanical hyperalgesia in a dose-dependent manner but also inhibit the expression of GFAP and CD11b respectively activation markers of astrocytes and microglial cells after 5 days treatment. Finally, we showed that ECF has an inhibitory effect on mediators of inflammation and pain including cyclooxygenase pathway. The search for the mechanisms of action of analgesics for the treatment of painful diabetic neuropathy involves developing animal models of pain more suitable [23] . Diabetic neuropathy is a complication of diabetes and it results in diabetic peripheral neuropathy with an increase of sensory loss due to degeneration of nerve fibers [24] [25] .
In this study, we developed a diabetic neuropathic pain model using a well-known chemical; it is alloxan monohydrate at a dose of 150 mg/kg as a single injection by the subcutaneous route. It was noted an onset of diabetes on third day after injection of the product. Our data confirm some models where alloxan or streptozotocin is injected by intraperitoneal route [26] - [28] . Although subcutaneously is the least used, however it would be more advantage over the intraperitoneal route to reduce the suffering of the animal.
The appearance of certain characters of neuropathic pain in the 15th day for mechanical allodynia and 21 st day for mechanical hyperalgesia in our study correlates with other neuropathic pain models induced by either the intraperitoneal route where genetic models [29] [30] . The problem of pain assessment is thus posed. Indeed it is convenient first-line compared with similar situations in humans. This method could only be truly realistic if the pain was felt in the same way in every individual, man or animal. We know that the neurophysiological mechanisms of transmission of nociceptive stimuli are similar in humans and other mammals. It is also known that the necessary stimuli to trigger these mechanisms are very similar. It is, however, unable to understand the perception of pain in animals: one can determine whether an animal feels a noxious stimulus in the same way and with the same intensity as men. However, we cannot just pass tests based on paw withdrawal to determine the mechanical allodynia and mechanical hyperalgesia in animals [31] .
We have shown that the administration of ECF (100; 150 and 200 mg/kg body weight) for 5 days showed an attenuation of mechanical allodynia and mechanical hyperalgesia except at a dose of 100 mg/kg where ECF could alleviate mechanical hyperalgesia. These results are consistent with previous studies on the impact of several drugs to lessen the pain [32] [33] . Although the mechanism of action of this medication has never been studied, however, we can hypothesize that a central inhibition which glial cells may be involved.
In agreement with previous studies, we showed that diabetic neuropathic pain is accompanied by an increased level of mRNA expression of GFAP and CD11b [34] - [36] . We noted a decrease in the expression of GFAP and CD11b by ECF. This inhibition correlates with the attenuation of the mechanical allodynia and mechanical hyperalgesia. We suggest that inhibition of astrocytes and microglial cells is the result of the attenuation of the mechanical allodynia and mechanical hyperalgesia.
Although neuropathic pain is often resistant to treatments that are effective for inflammatory pain, such as opioids and NSAIDs [37] [38] , it is however noted striking of the ECF-based treatment can inhibit diabetic neuropathic pain. ECF inhibits the expression of COX 1 and COX2 in this model of painful diabetic neuropathy. Indeed, the phytochemical composition of the ECF consists partly salicylic derivative, which could justify its action on COX like most non-steroidal anti-inflammatory drugs (NSAIDs) [8] [39] . Finally, the pathophysiological mechanism of diabetic neuropathic remains complex and involves several mediators including those of inflammation and pain [40] [41] , which could explain the activation of the signaling pathway in this study, which is consistent with the literature. However, we can not specify in this study whether inhibition of COX by ECF is direct or indirect [42] [43] .
Finally, the application of traditional medicine ECF is done by applying the subcutaneous route powder (scarification) to treat headache, chronic pain and rheumatism. However, administration of ECF is also by other routes including oral or topical application of the tab depending on the disease [44] . Thus, we support the subcutaneous application of ECF in diabetic neuropathies. The administration doses would be 10 times less than the dose applied in the rat.
Conclusion
Definitely, our data showed that an alternative is possible to treat many diseases including diabetic neuropathic pain. Clinical evaluation is necessary to improve and make the treatment of ECF visible.
